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CLAIMS 

L Ametfao dof miagiag a pliur^ly of microrsample Ugbtjsaxut^g_dl^^idtQ^ 
onto separately addressable detectors, which may be discrete regions of the array 
detector, so that light emitted from each site can be monitored by one^of the detectors, 
wherein a corresponding plurality of objective lenses each comprising a micro^lens are 
located adjacent to the micro-sample array with one objective lens for each miao- 
sample, the latfer are located at or near die focal point of each of the micro-lenses so that 
light emanating from each micro-sample is collected by its respective objective lens and 
converted into a beam of parallel or near parallel rays, the objective lenses are arranged 
so that die axes of all die beams issuing therefrom are parallel and spaced ^art, and the 
beams are focused by a focusing lens through a single point and collected beyond that 
point by detector lens means which serves to reconstitute the parallel beams for 
piesentadon to the d^ector array, wherein optical discrimination between fluorescence 
fmani^riTig from upstream and downstream regions of the micro-samples is improved by 
a pinhole aperture located at the focal point of the focusing lens so that light which is not 
pmmntirxQ from the focal point of each of the objective Irases adjacent the micro-sample 
sites will be out of focus at tihe smaU aperture pinhole. 



2. A method according to daim 1, wherein the axes of the objectives are angled with 
appropriate adjustment of the optical characteristics of the objectives and/or downstream 
optical system. 

3. A method according to claim 1 or claim 2, wherein a single focusing lens (which may 
be a multi-component lens) is employed for directing all the beam paths tiaough the 
single point. 
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4 A-method according--tQ-any-of-^;laiins--l--to-3— wh^^ the micro-samples-are 

positioned relative to tbe micro-sample objective lenses so that the region of interest is as 
close as possible to the focal point of the respective objective lens. 

5. A method according to any of claims I to 4, wherein the samples are located on a 

plana? support with the re gions of inte rest aU in the sa^ plane so that.:fee obfectivc 

iGDses can likewise all be in the same plane parallel to that containing tihe regions of 
interest in the samples* 

6. A method according to any of claims 1 to 5, including the step of adjusting the 
position of the micro-sample array relative to the lens array and also the step of 
individually adjusting the position of at least the objective lenses relative id the micro- 
sauq)les or vice versa to ensure that the regions of interest in the micro-samples are at 
the focal point of the respective micro-sample objective lenses. 

7. A method according to any of claims 1 to 6, wherein in order to provide spectral 
separation based on wavdength, a filter is included in the Ught path either between the 
micro-sample objective lenses and the focusing lens means ahead of the pinhole, or 
between the detector lens and the detector array. 

8. A method according to claim 7, \^rein die spectral filter is located in a region in 
which the light paths are parallel or nearly parallel. 

9. A.method acco^^^ng to any of claims i to 8. accordmg to which where fluorescence 
is the medianism which generates die radiation which is to be focused onto a detector, 
excitation radiation to produce the fluorescence is applied only to a region of mterest 
widiin each micio-sanaple rather than over the whole of the micro-sample. 

10. A method according to claim 9, wherein excitation radiation is mjected into the 
multipath optical system so as to proceed in a parallel sense towards the array of 
objective lenses, in an opposite sense to the light which emanates from die micro- 
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samplesrso as-to-be- focused by ttie-objective-lciises--onto-the-regiDn~or in each ~ 

iiiicn>-saai{>le. 

11. A method according to claim 10, wherein the excitation radiation is injected as a 
parallel beam into the optical pafli, at right angles thereto, and a 45*=" beam splitting 
device is provided onto wMch the-paraUeUxcitation iadiation^ 

it is directed in a parallel manner towards the nliCK>-sa^^)le ima gi n g lenses, but through 
which radiation from the micro-san^les can pass to the focusing lens. 

12. A method according to any of claims 1 to 11. wherein excitation radiation is 
produced using a laser sudti as an argon ion laser, and a beam expander is employed to 
txpmi die cross-section of the laser beam into a relatively large area beam equivalent to 
the area of the parallel array of micro-sample objective lenses. 

13. A method according to any of claims 1 to 12, having an 8 x 12 array of micro- 
san^Jle objective lenses on the same 8 x 12 matrix as a standard 96 well plate, and if the 
imaging system is to be used to mspect for exan^>le a 384 weU plate, the latter is 
mounted on an XY stage so that it can be moved relative to the array of objective lenses 
mniannerfcaownper se so as to present groups of 96 wdlsrnaki^ to 
the 96 lens array. 

14. A method accordmg to any of claims 1 to 13, wherem the parallel beams of light 
dhected towards the detector array are transferred to the said array via optical fibres, in 
the form of a fibre optic bundle or fibre optic plate. 

15. A method according to any of clauns 1 to 14, wher^ the detector array is a charge 
coupled device having a large number of separately addressable regions (each of which 
is commonly referred to as a pixel) and groups of adjacent pixels (or individual pixels) 
from the detector for each sample are addressed, to enable good resolution to be obtamed 
in die XY sense as between the light from one sample and another. 
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46T^-A-metliCMi acc^r^««E^^»-e>a'm-^Vwherein flw charge-coupled-device-is-cooledrfor- 
example ciyogaiically. 

17. A mefliod accoiding to any of daims 1 to 14, wbetein die d^ector array oonprises 
an array of photomiiltipliers, one photomultiplier fbr each of tbe channds (optical patbs). 

18. A mediod accoiding to claim 17, wherein optical fibres or bundles forming cables 
are employed to convey die light &om each of fee 2q>^tures in a mask to die windows of 
photo-multipliers which togedio^ occiq)y an area considerably greats than diat of the 
mask. 

19. A mediod according to claim 17 or 18, wherein die photomultipliers ate replaced by 
an image intensifier or an intensified CCD. 

20. A mediod according to any of claims 17 to 19, wherein die photomultiplier tubes, 
image iniensifiers and intensified CCD arrangements are gated dectronicaUy so as to 
enable die delays and short iniegradon periods to be generated as required by time 
xesolved fluorescence or luminescence a^licadons. 

21. A mediod ar^^wi^ng to any of claims 1 to 20, wherein fiirdier leaases for focusing 
die parallel beams of light directed towards die d^ector array are enqiloyed to inqirove 
resolution at the detector surface either in ccmibinadon widi a fibre optic transfer bundle, 
orodierwise. 

22. A medxxl according to any of claims 1 to 21, ndierein micro lenses, optionally in 
combination widi a fibre optic transfer plate are enq)loyed in die objective lenses 
adjacent the micro-san^iles. 

23. A mediod vt^r^irx^ to claim 22, in which micro lenses have one infinite conjugate. 



AMENOED-ShlEET 



^05-07-2001 ' • jaL-013i.a.-e.3-©7' .« O i^l3ISi'l!!Ra0001 576 



29 

. .24,— A-mefliod-aceoiding. to-any-of-claiins-lr-to-23--wherem where-a-filter is located- 



ahead of the detector, ap«tiired masks are placed on either side of the filter to collimate 
tbe parallel beam to fiirdier reduce background and cross-talk. 

25. Apparatus ad^ted for perfoimiAg the mediod of any of clauns 1 to 24, compri^og 
means, for siq>porting a inicro-sainplcLarnQLjon-a.substrate in close proximity but paralle 
to an array of mioo lenses arranged so as to correspond on a one to cme basis with the 
positions and spadng of at least some of the micro-samples on the substrate, each of the 
micro lenses being positioned relative to a region of its related micro-sample by a 
distance equal to the focal length of die lens so that Ught emitted from that regirai of the 
micro-sample will emerge from the lens as a parallel beam paraUel to flie axis of the 
lens, and the paraUel beams of light are focused by means of a single focusing lens 
ihrough a pinhole aperture onto a detector lens so as to produce an image of tbc micro- 
sample light emissions m the plane of an array of individuaUy addressable photoelectric 
detectors, such as regions of an addressable CCD array, and circuit means is provided to 
which signals read out from the array are supplied in the form of a sequence of digital 
values or otherwise, each corresponding to the light incident on a region of the detector 
for a given period of time from one of the micro-samples, and computing and analysing 
circuit means is provided, responsive to the electrical signals, together with memory 
means for storing data indicative of the light found to be emitted from each of the micro- 
samples, for storing those values together widi address information, whereby eadi stored 
value can be idoitified widi the micro-san^le on die substrate from which die light 
giving ^ value has been emitted by reference to the position of the region in tbe 
detector arr^ and by coirelating tbs position of the sample in die sample array. 

26. Apparatus according to daim 25, further including a beam splitter, such as a 
dichroic mirror, inteiposed in die optical pafli between die micro lenses and the focusing 
lens to enable on die one hand light to pass from die lenses to die focusing lens, and on 
die odier hand to enable excitation radiation, typically Ught of a particuhir wavelengdi, to 
be reflected as a paraUel beam towards die micro lenses, diereby utilismg die optical 
focusing characteristics of die micro lenses to focus die parallel light into spots of Ught 
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-which register-mtiiHhe-miero-samples- so-that-the-latter arc individuaUy-radiated-by 

excitation light which is piedominantly incident on that region of each micro-sanqple 
whidi is to be inspected for fluorescence after the excitation radiation has been removed, 
and filter means provided in the optical path betwem the beam splitter and die detector 
array to generally attemiate any excitation wayelengtii radiation travdling towards the 
detector and genecaUy4a!ey*au.such radiation feom reaching the detector.. 

27. Apparatus according to claim 25 or claim 26, inchiding a laser source as die source 
of excitation radiation a beam expmia for oilarging die cross-section of flie laso- beam 
and presenting a generally uniform parallel beam of excitation radiation for entry into die 
imaging system via the beam splitter or dichroic mirror. 

28. Apparatus according to any of claims 25 to 27. including shutter means to inhibit 
the passage of the source tight, except when required for excitation purposes, and further 
shutter means synchronised widi Oiat associated with the source to prevent light of any 
wavelength reaching the detector whilst excitation tight is projected into die system. 

29. A m^d of analysing fluorescence emitted by radiation excited samples in an array 
of samples comprising die steps of focusing light emitted from each said sample at 
infinity so as to form a parallel beam, in parallel widi die tight fiom all of die otiier 
sample sites making up die array, subsequendy focusing all die paraUel light padis 
flirottgh a single point and locating at die point a small pinhole aperture to restiict 
unwanted light fiom fluorescing material iqistream and downstream of die sites of 
interest in die samples, and re-eslablishing a pandld array of Ugjit beams ^ 

further lens so as to present to an addressable detector array a plurality of parallel light 
pattis corresponding to die tight padis from die samples, and individuaUy addressing 
different regions of die detector array onto which die parallel light padis impinge, to 
detemune die tight incident dieieon. and storing data relating to die quantity of incident 
light on each said region of die detector array togedier widi address information to 
enable die data to be reconciled widi die position of the sample m die array on die 
substrate to which that data relates. 
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._30,_Tlie-method aceording-to-Glaim -29, further-wn^rising-the- step- of -introducing 

periodically into the optical system excitation wavelength illumination and projecting same 
tbroiigh die optical imaging devices associated widi die array of samples to project the 
excitation illuminatiOD onto a sptciSc reg^oa in each said sample, fliereafter extinguishing 
the exdtadon wavdengdi light and enabling fluorescence caused by die excitadon to pass 
ttimu gh di e same optical devices, to onerge as parallel rays of light for traisfer to a 
detector, for analysis as above mentioned. 

31. The mefliod according to claim 29 or daim 30. wherein die objectives are arranged 
above or below a sample anay. 

32. The method according to any of dahns 29 to 31, wtien used to perform immediate 
fluorescence analysis or time resolved fluorescence analysis in which a shutter is provided 
to inhibit die transfer of Ught to die detector, excitation radiation is suppUed for a shon 
interval of time and then shut off (eidier by pulsing die source out using further shutter or 

* 

botii), after a selected interval of time die shutter preveaoting transfer of light to die detector 
is opened and after an appropriate integration interval (which can be very short or longer 
as described) die residual diarge pattern on die charge coupled detector array is 
intenogated to generate a signal relating to die charge pattern (and dierefore indicative of 
light hiddent diereon) for processing and storage as aforesaid. 
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